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ABSTRACT 


The Aladağlar is a mountain range located in the central Taurus Mountains (37*45' N, 35*15/ E) 
along the Mediterranean coast of Turkey, dominated by geomorphic features intervened by 
karstic and glacial landscapes. The Aladağlar, also known as The Alps of Turkey, is one of the 
most popular places for mountaineering. Here, we present a comprehensive glacial 
geomorphological map of the mountain. Despite increased recent research, understanding 
of the spatial distribution of glacial landforms is still poorly known. To provide a framework 
for future research, we present a 1:50,000-scale glacial geomorphological map, covering an 
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area of —1200 km?. Our map is based on remote sensing and detailed field observations on 
geomorphological imprints of glacial erosional and depositional landforms, such as glacial 
valleys, cirgues, arâtes, horns, debris-covered glaciers, moraines and outwash fans. Our 
glacial geomorphological map could be used as a base for future dating and glacier 


reconstructions efforts. 


1. Introduction 


Geomorphological mapping of glacial landforms is an 
ingrained technigue in earth sciences to analyse earth 
surface processes and landscape evolution especialIy in 
high altitudes (>2500m) at mid-latitude regions 
(Hubbard & Glasser, 2005; Smith et al., 2011; Stroeven 
et al, 2013; Chandler et al., 2018, 2019). Today, the 
presence of open-source high-resolution remote sen- 
sing data and their integration with Geographical 
Information System (GIS) technigues provide a 
unigue insight to map large areas with high accuracy. 
On the other hand, traditional field mapping methods 
in glacial geomorphology still have a significant role in 
terms of robustness and ground-truthing of remote 
mapping (Chandler et al., 2018). 

Although glacial processes are well-known in high- 
latitudes and alpine environments, in mid-latitude 
environments where karstic landforms largely domi- 
nated, these processes are poorly constrained. The gla- 
cial valleys in the Aladağlar were formed by the 
interaction between glacial, fluvial, and karstic pro- 
cesses (Altın, 2003a). Initially, the gradual collapse of 
underground karst rivers created many such valleys. 
The continuing roof collapses originated gorges that 
later turned into V-shaped valleys by ongoing fluvial 
and karstic erosion. Because the Taurus Mountains 
are mainly composed of carbonate rocks, the glacial 
landforms observed in the study area are the result 
of both glacial and karstic processes (Bayarı et 
al, 2019; Nazik et al., 2019; Öztürk et al., 2018). 


These landscapes provide a unigue environment to 
understand the interaction between glacial, post-gla- 
cial, and karstic processes. 

Increasing applications of cosmogenic nuclides 
(i.e. “Cİ, '9Be) for dating glacial deposits and land- 
forms gave rise to several publications related to gla- 
cial geochronology of the Turkish mountains (e.g. 
Akçar et al., 2007; Dede et al., 2017; Sarıkaya et al., 
2008, 2009, 2011, 2014; Köse et al., 2019). During 
the Late Pleistocene, glaciers occupied the Taurus 
and Black Sea Mountains and high dormant volca- 
noes in the Anatolia (Bayarı, 2003; Çiner, 2004; Kur- 
ter, 1991; Sarıkaya et al., 2014; Azzoni et al., 2017). 
The glacial geomorphological maps of these studied 
areas have not always been constructed in detail. 
For further development of the geochronology and 
the reconstruction of paleoglaciers, detailed maps 
in smaller scales are needed (Altınay et al., 2020). 

The purpose of our work is to develop a frame- 
work for the glacial erosional and depositional land- 
forms that are keys to palacoglacier studies in 
Turkey. Therefore, we created a high-resolution gla- 
cial geomorphological map of the Aladağlar, to pro- 
vide a more detailed and accurate distribution of 
glacial and periglacial features. While carlier pub- 
lished maps focused mainly on the selected parts of 
the Aladağlar (e.g. Altın, 2003a; 2010a), in this 
study we present the first comprehensive glacial geo- 
morphological map covering a whole mountain 
range in Turkey (Figure 1). Such a map is invaluable 
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Figure 1. Study area and main topography of the Aladağlar, Turkey. (b) Western and Central Taurus Mountain Range topography 
derived from a spatial resolution of 1 arc second ASTER GDEM data, particular mountains above 2000m a.s.l. are labelled. The black 
rectangle in (b) indicates the Main Map (d). Glaciated valleys and main ridges in the Aladağlar and the area covered by Main Map 


are shown in (c). 


for efforts to locate target sites of strategic impor- 
tance for palaeoglaciological reconstruction, to 
build robust glacial chronologies, and subseguentiy 
to infer palaeoclimate. 


1.1. Study area 


The Aladağlar is one of the Turkish National Parks 
and hosts the highest mountains of the central Taurus 
Range. The name “ala-dağlar” (crimson-mountains) 


evolves from the rusty (or pink) appearance of its 
hills in the sunset (Figure 2). It is also known as The 
Alps of Turkey, one of the most popular places for 
mountaincering, hiking, and trekking. The highest 
part of the mountain consists of Mesozoic carbonates 
with extensive karst that limits surface drainage 
(Tekeli et al., 1984; Altın, 2003c; Klimchouk et al., 
2006). The modern climate is a mixture of Mediterra- 
nean and continental type climates, with hot and dry 
summers and wet and cold winters. 


JOURNAL OF MAPS (8) 103 


; >» 


Panoramic photographs of valleys and outwash deposits in the western Aladağlar (a) and Main Map preview (b). In order 
to cover the highest peaks and whole outwash deposits, 12 UAV (an Unmanned Aerial Vehicle) photographs were merged to 
produce this panoramic view (a). The 1: 50.000 scale geomorphological map of the Aladağlar previewed in (b), records glacial 


landforms. 


The Aladağlar extends from 37*41' N to 389*01' N 
and from 35901” E to 35923' E, in the south-central 
Anatolia. It is a broad carbonate massif that envelops 
a SW to NE trending mountain belt, covering c. 1200 
km?. This massif is delimited by the sinistral strike-slip 
Ecemiş Fault corridor on the west (Koçyiğit & Beyhan, 
1998; Sarıkaya et al., 2015a, 2015b; Yıldırım et al., 
2016), Zamantı River on the east, Erciyes Volcano to 
the north and Karsantı basin to the south. The topo- 
graphic relief from 400 m a.s.l. (above sea level) to 
above 3750 m a.s.l. makes the Aladağlar one of the 
deepest karst systems in the world (Bayarı et al., 2019). 

During the Late Pleistocene, the Aladağlar was 
extensively glaciated with the development of an 


ice cap on Yedigöller Plateau from which several out- 
let glaciers descended via U-shaped valleys. As a 
result, numerous glacial erosional and depositional 
landforms developed in the study area (Bayarı 
et al., 2003; Köse et al., 2018). In Aladağlar, cirgues, 
U-shaped valleys, striated/polished surfaces, roches 
moutonnces, moraines, periglacial features, and deb- 
ris-covered glaciers are common (Oliva et al., 2018) 
(Main Map). The landforms shaped by the glacial 
processes created a polygenic topography together 
with the fluvial-karstic processes. The Mesozoic car- 
bonate country rocks have played an essential role in 
protecting many of the glacial landforms, such as 
moraines and sharp cirgues as deeply permeable 
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karstic bedrock has produced poorly developed 
fluvial systems. 

Several researchers previously investigated the gla- 
cial deposits of the Taurus Mountains (e.g. Erinç, 
1952, 1978; Spreitzer, 1969, 1971; Sarıkaya & Çiner, 
2015, 2017 and references therein). During the Late 
Pleistocene at least two different glacial stages (MIS 
4 and 2) occurred in the Aladağlar (Altın, 2003b; Sar- 
ıkaya & Çiner, 2017). An ice cap covering nearly 40 
km?, located in Yedigöller Plateau (3200 m), was 
flowing mainly into the eastern Hacer valley (Bayarı, 
2003; Zreda et al, 2011), in which deglaciation 
occurred in Late-glacial (14.0 * 1.5 ka). The c. 15 km 
long Hacer Valley glacier rapidiy melted on the 
onset of the Holocene (11.55 41.3 ka ago). Little Ice 
Age moraines have also observed in limited narrow 
cirgues Which covers upper parts of the Emli Valley 
(Altın, 2003b). Today, debris-covered glaciers in 
Emli Valley and Yedigöller Plateau were mapped by 
Gürgen et al. (2010a). 


2. Methods 


We prepared a thematic geomorphology map (Robin- 
son & Kimerling, 1995; Kraak & Ormeling, 2013), 
which focuses only the glacial geomorphology of the 
Aladağlar. We did not prefer the more general 
approach, i.e classical mapping, which may consist 
of less relevant multi-layered data (Klimaszewski, 
1990; Gustavsson et al., 2006). This way, we tried to 
show more relevant data on specific landforms with 
increased specialization. 

The 1:50,000 scale glacial geomorphological map of 
the mountain (Main Map) was carried out at on- 
screen scales ranging from 1:15,000-1:30,000. Four 
stages were employed to produce the main map: (1) 
Basemap production, (2) literature review, (3) remote 
and field mapping, and (4) final map production 
(Chandler et al., 2018). 

First, the DEM obtained from the Shuttle Radar 
Topography Mission (SRTM) was converted to a hyp- 
sometric colored DEM. Later, the hill-shade and slope 
raster images were prepared by using spatial analyst 
tools in ArcGIS Pro. The Red Relief Image Map 
(RRIM) and topographic openness were computed 
by SAGA 7.1. (Conrad et al., 2015) software. Topo- 
graphic openness represents the surface concavities 
and convexities observed from a given Zenith 
(Yokoyama et al., 2002; Chiba et al, 2007). The 
RRIM images are very useful to recognize many land- 
forms such as landslides (Görüm, 2019) or fluvial ter- 
races (Özpolat et al., 2020). By using this multi-layered 
illumination-free images in ArcMap, the openness was 
produced as a combination of positive openness (Op) 
and negative openness. At the end of this initial stage, 
a unigue basemap, named *u-basemap?, was produced 
by stacking the four layers: colored DEM, slope, hill- 


shade, and topographic 
(Figures 3 and 4). 

In the literature review stage, a GIS database was 
created including the prominent glacial landforms. 
Main glacial features were adapted from previous gla- 
cial geomorphology maps (Altın, 2003b) which covers 
only Emli and Cinbar valleys on the castern side of the 
mountain. Debris-covered glaciers in Emli Valley and 
Yedigöller Plateau were digitized from carlier studies 
(Gürgen et al., 2010a). All these features were overlaid 
on the u-basemap and then interpreted with Google 
Earth Pro”. 

Later, glacial landforms were mapped using a com- 
bination of remotely sensed data and field surveys. A 
Digital Elevation Model (12 m resolution in horizon- 
tal) as a 'bare earth” landscape, digital color aerial 
photographs and hard-copy topographic maps were 
used as primary remotely sensed datasets. With the 
help of the digital rectified aerial photographs and 
Google Farth Pro*, we digitized the main arâtes, 
horns, cirgues and moraines. Unfortunately, DEM 
and aerial photographs were not always able to differ- 
entiate individual moraine boundaries. To minimize 
any errors related to interpretation of features, we per- 
formed extensive field mapping alongside remote 
mapping. In addition to our long-lasting (since 
2001) exploration of the glacial landforms of the 
area, we also carried out field campaigns in the sum- 
mers of 2016, 2017 and 2018, specifically designed 
for mapping of the Aladağlar. Shape, size, orientation 
and positions of glacial features were noted during the 
fieldworks. Sketch maps of each valley were created in 
field studies These field investigations allowed us to 
identify landforms and glaciogenic deposits, which 
are not always casily detectable from remotely sensed 
data. 

The final map production was conducted on GIS 
(ESRI ArcMap 10.6) with additional processing 
using graphic design software (Adobe* Illustrator 
CCTM). During the map production, we used Google 
Earth Pro's three-dimensional capability to solve the 
complex landform assemblages. The final map layout 
was initially designed in the GIS software before 
exporting to Adobe” Illustrator CC'M, along with all 
individual vector layers (geomorphological features 
and contours). The focus at this stage was on the 
final map design and ensuring optimal map 
presentation. 


openness, respectively 


3. Geomorphological features 


Five landform categories; (1) glacial valleys, (2) cir- 
gues, arâtes and horns, (3) debris-covered glaciers, 
(4) moraines, and (5) outwash deposits were recorded 
in the 1:50,000-scale glacial geomorphological map of 
the Main Map summarized below. Our landform 
definitions used here are based mainly on previous 
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Figure 3. The u-basemap (a unigue basemap) illustration summarising the datasets to produce the final topographic basemap 
used in the study area (Main Map). Coloured DEM (Digital Elevation Model), slope, hillshade and topographic openness (Chiba 


et al., 2008) layers used in particular transparency. 


paleoglaciological maps (e.g. Altın, 2003b; Gürgen et 
al, 2010a). However, some adjustments have been 
made based on their paleoglaciological significance 
to deliver the purpose of this map accurately. 


3.1. Glacial valleys 


The parabolic-shaped valleys are one of the most well- 
known products of alpine-type glaciation, yet rela- 
tively little is known about how ice flow and glacial 
erosion interact with karst development. The post-gla- 
cial erosion in this area makes the identification of 
trimlines on the valley sides problematic. Therefore, 
we focused on two criteria to identify glacial valleys; 
U-shaped cross-section of a valley, and smoothness 
of valley sides (Graf, 1970; Li et al., 2001; Benn & 
Evans, 2010). 

The identification of glacial valleys was primarily 
based on the RRIM (Chiba et al., 2008) and slope 
model derived from DEM (Figure 3). Together with 


this u-basemap and Google Earth Pro” we delineated 
glacial valleys. The ArcGIS Pro 2 topographic profile 
tool was used to differentiate the transition from gla- 
cial to fluvial/tectonic control on valley cross-section. 
First, transect lines for surface profiles were created 
at variable positions. Then, DEM derived data were 
used to analyse surface profile morphology whether 
they are reflecting glacial erosion or not. As a result 
of surface profile analyses, we have confirmed the gen- 
eral notion that many glaciated valleys in the Alada- 
glar have approximately parabolic-shape cross 
sections (Figure 5). 

Surface profiles demonstrate that U-shaped valleys 
in the eastern part of the study area have parabolic- 
shape, however, evolved into V-shape valleys towards 
the north due to the decrease in glaciation influence 
(Figure 5). Although, Sineklikapız, Hacer, Kemikli 
and Susuz valleys present a clear parabolic-shape, 
the valleys in the northeastern part of the Aladağlar 
(i.e. Aksu Valley) have V-shaped forms (Figure 5). 
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Figure 4. Flowchart diagram summarising the methods and datasets used in glacial geomorphological map of the Aladağlar 
(Main Map). Four main stages carried out with the help of remote and field mapping. 


When glaciers advanced during the Late Pleistocene, 
the valleys in the cast (Sineklikapız, Hacer, Kemikli, 
Susuz and Aksu valleys), and west (Emli, Cinbar, 
Maden and Körmenlik valleys) of the Aladağlar 
became straighter and smoother (Figures 2, 7 and 8). 
The valley walls in the eastern and western part of 
the study area are almost vertical due to the chemical 
weathering in the less resistant karstic bedrock. After 
deglaciation, snow and ice melt formed streams and 
rivers within parabolic-shaped valleys. As a result, 
talus cones have been deposited at the bottom of the 
valley walls (Utku et al., 2020). 


3.1.1. Hacer Valley — the deepest glacial valley in 
the eastern Aladağlar 

The Hacer Valley, the most prominent glacial valley in 
the eastern part of Aladağlar was originated from the 
paleo-ice cap in Yedigöller Plateau (3300 m a.s.l.) 


(Bayarı et al., 2003) (Figure 6(a)). The ice cap in this 
plateau was c. 200 m thick and hadan area of c. 22 
km”, The glacier tongue that originated at the eastern 
part of this ice cap occupied the Hacer Valley and des- 
cended to the east at an elevation of 1100m a.s.l, 
reaching c. 15 km in length (Bayarı et al., 2019). Sev- 
eral terminal and lateral moraines were deposited in 
the lower end of the valley (Figure 6(d and e)). 
Additionally, dissected outwash deposits are observed 
in thelowest part of the valley down to an elevation of 
850 ma.s.l. On the eastern flank of the Aladağlar to the 
north of Hacer Valley, at c. 1800m a.s.l., moraines 
overly the dolines (Figure 7(d)). At higher elevations, 
mainly in eastern Aladağlar, glaciers have scoured all 
pre-glacial karstic landforms, and several of them 
were covered by glacial deposits (Figure 6). For 
example, a series of dolines at 2200 m a.s.l. were cov- 
ered by lateral moraines in Kemikli Valley. 


Ge 


Hace #Valley 
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Figure 5. Field photo plate of Yedigöller Plateau and Hacer glacial valley. (a) The Google Earth Pro* imagery of Yedigöller Plateau, 
and (b) U-shaped form of Hacer Valley. (c) LLR (left lateral moraine) and (d, e) the terminal moraine complex reaches 150-200 m in 
height. (f) Large boulders up to 7-10 m in diameter observed in the field. 


3.2. Cirgues and arötes 


Cirgues are glacial erosional hollows in mountainous 
terrain with concave slopes bounded upstream by a 
sharp arcuate headwall and sharp valley side ridges (ar&- 
tes) (Evans et al., 2006) and are flat-floored and open at 
the downstream end (Evans & Cox, 1974, p. 1995; Benn 
& Evans, 2010, 2014). One hundred and sixty-five indi- 
vidual cirgues were identified in the Aladağlar; clusters 
ofcirgues were formedin the vicinities of Yedigöller Pla- 
teau, and Emli and Maden valleys (Figure 1(c)). 

After delincating the main ridges, most of the arâtes 
were commoniy digitized with those ridges. Both 
ridges and arötes have the same symbology types on 
the Main Map. However, the essential criteria to 
differentiate the arâtes are that they have a thinner 


line compared to the ridges. At the pyramidal peaks 
between arötes, we have also defined the horns as a 
point feature. Then cirgues have been digitized along 
the ridges, horns and arâtes. They have amphitheatre 
shaped basins bounded upstream by a headwall. We 
digitized the sharp (knife-edge) serrated ridges as are- 
tes in between cirgues. Cirgues are the most easily 
identified features because they have more evident 
morphology. Most of the cirgues, ar&tes, and horns 
developed at >3000 m a.s.l. in the study area. 


3.3. Moraines 


There are different types of moraines in almost all val- 
leys in the Aladağlar such as lateral, hummocky, 
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Figure 6. Cross-section profiles showing interactions between glacial and fluvial processes in the eastern Aladağlar. (a) Yedigöller 
Plateau, Sineklikapız and Hacer valleys have A, B, C profiles, and (b) Aksu and Susuz valleys have D and E profiles with a dashed 
black line (see Figure 1 for location). A, B, C and E profiles show a U-shaped form, while (b) profile D shows a clear V-shaped form. 


ground and terminal moraines (Figure 2). Although 
most of the terminal moraines have been partially dis- 
sected and washed away by the post-glacial processes, 
most of the moraines in valleys still present a clear 
morphology. In particular, lateral moraines are well 
preserved. They have easily recognizable crestlines 
due to almost inexistent surface flow on karstic bed- 
rock. On the other hand, the morphology of these 
moraines might be asymmetric in cross-sections. Mor- 
aine sizes also vary from small (10 m2) to much larger 
complexes >1 km”. Furthermore, different subtypes of 
moraines can be deposited in the same small area. 
Hence, different moraine types were classifiled as 
“moraines”'. Therefore, we did not separate between 
sub-types of moraines to avoid complexities. 
Moraines were mainly identified during field 
studies and using the topographic basemap. The 
identification criteria were firstly based on landform 
characteristics of a moraine. The moraine's shape 
and size were noted during the field trips. Moraine 
positions in valleys and crest orientations were also 
drawn into draft maps in the field. Furthermore, we 
analysed the boulders on the accessible moraine crests. 
For inaccessible areas, remote mapping and relative 
relief of topographic base has been interpreted from 


Google Earth Pro*, Ninety-seven moraine polygons 
were manualiy digitised for this regional study. 

The vast majority of moraines in the eastern part of 
the Aladağlar were found in the Hacer Valley (Figure 
6). They mainly include several lateral and terminal 
moraine complexes. In the lower parts of the Hacer 
Valley, moraines reach c. 200 m in height and contain 
several limestones blocks up to 7-10 m in diameter 
(Figure 6(f)). The Kemikli and Susuz valleys also con- 
tain large lateral moraines up to c. 80 m in height 
(Figure 7(d)). However, the moraines in Sineklikapız 
Valley do not display clear crestlines; i.e. they have 
been dissected and partially washed away (Main 
Map). We observed some ground moraines in the 
upper parts of the Sineklikapız Valley. 

In the western side of the Aladağlar, the most con- 
spicuous similarity in four valleys is the absence of 
terminal moraines. Some remnants of terminal mor- 
aines were observed in Emli, Yalak, Cinbar and 
Maden valleys, however they are heavily dissected 
and modified by colluviums. Therefore, mapped mor- 
aines include mainly lateral and hummocky moraine 
morphologies. Most of the moraines are preserved 
on the upper parts of the Aladağlar, above 2200 
meters. İn contrast, Körmenlik Valley is the only 
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Figure 7. Field photo plate of eastern Aladağlar. (a) Yedigöller Plateau, (b) debris-covered glaciers, and (c) surface girlands above 
3000 m a.s.I. (d) A weli-preserved right-lateral moraine covers the dolines in Kemikli Valley. (f) An example of typical U-shaped 
imprint from Sineklikapız Valley. (e) The Kapuzbaşı Waterfalls located in the far east edge of the study area follow an ophiolite 


and limestone contact zone. 


valley which has well-preserved lateral moraines 
between 2000-2400 meters. These c. 2 km long lateral 
moraines consist of unstratifiled and unsorted lime- 
stone blocks up to I m in diameter. 


3.4. Debris-covered glaciers 


Although small recent glaciers are encountered in the 
Aladağlar, they are mostly covered by debris (Gürgen 
et al., 2010a, 2010b; Çalışkan et al., 2014). We define 
debris-covered glaciers distinctively as having no 
clean ice is visible. Correct identification of debris- 
covered glaciers is difticult because they have continu- 
ous variations with the bed topography. In some cir- 
gues, they visually resemble rock glaciers. Therefore, 


we used previous maps and the topographic base 
interpreted with Google Earth Pro*, During the field- 
work, we observed the glaciers and their crescent- 
shaped imprints and noted several small ponds occu- 
pied the surface of debris-covered glaciers. 

Debris-covered glaciers in the Aladağlar are predo- 
minantiy settled in the north-facing cirgues around 
the Yedigöller Plateau, and the upper parts of Emli 
Valley (>2800 m a.s.l.) (Figure 7(b)). These cirgues 
act as a shield preserving debris-covered glaciers 
with guite steep walls. (300-500 m in height and 
close to vertical). Most of the glaciers are in between 
2800 and 3200 m a.s.l., and cover an area of approxi- 
mately 1.43 km? in total (calculated from Table 2 in 
Gürgen et al., 2010a). 
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Figure 8. Field photo plate of western Aladağlar. (a) Emli and (c) Yalak glacio-fluvial outwash deposits. (b) Maden and (d) Cinbar 
are deeply incised canyon valleys. An example of (e) moraine dammed glacial lake in the upper parts of Maden Valley. (f) Panora- 
mic view of the lateral moraines in Körmenlik Valley (see Figure 1 for location). 


3.5. Outwash deposits 


Remote mapping combined with ground checking 
were applied to determine the boundary of glacial out- 
wash deposits in Aladağlar. Only large, flat to slightiy 
inclined areas (6-89) that consist predominantly of 
sand and gravel-sized glaciofluvial deposits have 
been identified in the Main Map. 

The western mountain front of the Aladağlar is 
covered by very extensive outwash and alluvial fan 
deposits, mostly composed of weli-lithified limestone 
cobbles (5—25 cm in size) that contain crudely stra- 
tified and few meters thick beds reaching several 
tens of meters in total thickness (Figure 8(a and c)). 


The Emli Valley on the southwestern part of the 
mountain seems to be the major feeding area, 
although much smaller Yalak River Valley also con- 
tributed to the formation of these fans (Sarıkaya 
et al., 2015a) (Figure 2). These fan complexes are 
among the best-preserved successions observed in 
Turkey, which were later cut and offset by the major 
strike-slip Ecemiş Fault (Figure 2) (Koçyiğit & Beyhan, 
1998; Sarıkaya et al., 2015a, 2015b; Yıldırım et al., 
2016). 

Cosmogenic surface exposure dating of the oldest 
alluvial fan surface (Yalak Fan) indicates a fan aban- 
donment age that coincides mainly on the transition 
from the Penultimate Glaciation (Marine Isotope 


Stage 6; MIS 6) to the Last Interglacial (MIS 5) (i.e. 
Termination 11) (Sarıkaya et al., 2015a). The second 
set of alluvial fan (Emli Fan) was possibly developed 
during the Last Interglacial (MIS 5), and was incised 
twice between c. 97-81 ka ago. A younger alluvial 
fan deposit developed on the relatively older erosional 
terraces of the Emli Fan during the Last Glacial Cycle 
(MIS 2) (Sarıkaya et al., 2015a). However, it is challen- 
ging to understand past glacial events, distributions of 
landforms, and reconstruct the glacial chronology in 
overalI the Aladağlar due to the scarcity of detailed 
geomorphological mapping in these areas. 


3.6. Landslides 


Several landslides have been identified in the Alada- 
glar, with most of them clustered in the northwestern 
parts of the mountain. We observed 16 individual 
landslides in the study area. They usually have weli- 
defined forms, which are easily recognized by remote 
mapping. 

In the western part of the mountain, several large 
landslide bodies were mapped. The Kartal Landslide 
overlaid the alluvial fans near the Ecemiş and the Kar- 
tal Faults (Yıldırım et al., 2016). The rest of the land- 
slides in the western Aladağlar are shallower and lie 
between the Kartal and Cevizlik Faults (Yıldırım 
et al., 2016). On the northern side of the mountain, 
we mapped eleven landslides, especially in the upper 
parts of Maden and Aksu valleys. These landslides 
mainiy originated from the cirgues. Their forms indi- 
cate rock avalanches, which are different from Kartal 
Landslides in terms of origin and morphology. Unlike 
Kartal Landslides, they are not controlled by faults. On 
the other hand, these landslides display a very local 
distribution over 3000 m a.s.l. 


4. Conclusions 


We present a new glacial geomorphology map of the 
Aladağlar, a mountain range that covers an area of c. 
1200 km? in the central Taurus Mountains of Turkey. 
Based on remote sensing and field mapping studies 
glacial landforms were divided into five different cat- 
egories using 1:50,000 scale geomorphological map: 
(1) glacial valleys, (2) cirgues, arötes and horns, (3) 
debris-covered glaciers, (4) moraines, and (5) outwash 
deposits. In total, we identified 97 moraine polygons, 
which cover a total area of c. 30 km? (2.596 of the 
study area). Today, the Yedigöller Plateau still has 
some debris-covered glaciers that cover an area of c. 
1.43 km? in total. Although all glacial valleys have typi- 
cal parabolic-shaped valley profiles developed on car- 
bonate bedrock, V-shaped fluvial valley profiles are 
also observed on the north-eastern side. Furthermore, 
prominent glacial landforms have survived until today 
due to the highly permeable carbonate rocks. The 
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distribution of moraines and glacial valleys indicates 
that the Aladağlar experienced several alpine-style gla- 
ciations during the Late Pleistocene. 

The map presented here is the most comprehensive 
inventory of glacial geomorphology for the Aladağlar. 
A detailed record of the glacial landforms in the Ala- 
dağlar provides a better understanding of glacial 
events and interactions on karstic bedrock assem- 
blages by using a unigue visualization of topographic 
basemap (u-basemap). Conseguentiy, future studies 
will contribute to establishing a glacial history, recon- 
structing the last glacial ice masses, and predicting 
paleoclimatic conditions in the Aladağlar. 


Software 


ESRI ArcGIS 10.6 was used for data processing and 
mapping. Additional on-screen digitization was per- 
formed using Google Earth Pro”. The final map was 
designed in Adobe Illustrator CC 2018. 
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